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Figure S1. BioID analysis of OMA1 physical interactome, Related to Figure 1.  
(A) Top, Schematic depiction of OMA1-BirA construct used in BioID proximity labeling analysis. Bottom, List of 
relevant proteins identified by BioID proteomic analysis. (B) HEK293T cells were transfected with OMA1-GFP 
construct or mock transfected. Mitochondrial lysates from the respective cells were subjected to 
immunoprecipitation with anti-GFP magnetic beads. Precipitated proteins from the initial sample (Load), 










Figure S2. Stability of high-mass MICOS complexes is compromised in oma1-/- cells, Related to Figure 2. 
(A) Schematic depiction of MICOS machinery and its partner protein complexes forming an IM-OM contact site. 
Some proteins are not shown for simplicity. (B) Mitochondrial lysates from WT and oma1-/- fibroblasts were 
analyzed by blue-native gel electrophoresis and immunoblotting with antibodies against indicated MICOS 









Figure S3. MICOS-deficient cells exhibit altered cristae morphology characterized by concentric 
membrane stacks and lack of cristae junctions, Related to Figure 3.  
Representative TEM images of mitochondria in WT (left) and MIC13 knockout (right) HEK293T cells. Scale 
bars, 0.5 µm.   
  






Figure S4. Quantitative assessment of cell survival by flow cytometry, Related to Figure 4.  
(A) Viability over indicated periods of time of WT and oma1-/- fibroblasts with or without stable mitoT expression. 
Cells (500,000) were seeded per well in a 6-well plate. Growth was monitored for 3 days until over-confluence 
was reached. Events (10,000) were counted using Hoechst 33342 and propidium iodide staining parameters; 
healthy cells were PI-negative and Hoechst 33342-positive. Hoechst 33342-negative cells were not accounted 
for.		Error bars, mean ± S.D. of n=3 biological replicates. (B) Steady-state levels of mitoT-GFP, OMA1, OPA1 
and HSPD1 (loading control) in indicated cells that were incubated with or without 2 µM CCCP. Note that mitoT 







Figure S5. Bioenergetic deficit in oma1-/- cells is not directly related to defective OPA1 processing, 
Related to Figure 5. 
(A) Steady-state levels immunoblot analysis of OMA1, YME1L, GAPDH and Myc-tagged OPA1 variant lacking 
S1 processing site (OPA1DS1) with relevant antibodies in mitochondrial lysates from indicated cells, with and 
without CCCP treatment. (B) Extracellular flux analysis of in vivo oxygen consumption rates in indicated MEF 
cells. Cells were cultured in medium containing 10 mM galactose, then transferred into standard Seahorse XF 
medium and analyzed at 50,000 cells/well under basal, oligomycin A (OLA), FCCP and antimycin A + rotenone 









Figure S6. Apoptotic resistance of oma1-/- cells, Related to Figure 6.  
(A) Quantitative assessment of cell survival by flow cytometry. Indicated cells were cultured in 10 mM glucose or 
10 mM galactose-supplemented medium and stained with propidium iodide (PI). Healthy cells were identified as 
PI-negative. Data represents means ±S.E. of 3 biological replicates. (B) Flow cytometry analysis of healthy (Q3: 
7-AAD negative, Annexin V-APC negative), early apoptotic (Q1: 7-AAD negative, Annexin V-APC positive), late 
apoptotic (Q2: 7-AAD positive, Annexin V-APC positive) and necrotic (Q4: 7-AAD negative, Annexin V-APC 
positive) cells. Data are presented as mean ±S.E., n=3; *p<0.05, ***p<0.001 by t-test. (C) Left: Representative 
flow cytometry histograms assessing cytochrome c release in healthy (Control) and 1 mM staurosporin-treated 
(+STS) WT and oma1-/- fibroblasts. Iso, isotype control used to monitor antibody specificity. 50,000 cells were 
analyzed in each experiment. Right: Quantitative analysis of mitochondria-bound cytochrome c in the cells of 










Figure S7. Expression of mitoT does not induce mitochondrial fragmentation in oma1-/- cells, Related to 
Figure 6. Representative merged in vivo confocal microscopy images of mitochondrial network (visualized with 
mCherry, red signal) and mitoT-GFP (green signal) in indicated cells. Yellow color indicates signal overlap. 






Lead Contact:  All requests for additional information, resources and reagents should be directed to the Lead 
Contact, Dr. Oleh Khalimonchuk (okhalimonchuk2@unl.edu).  
 
Materials Availability: All reagents generated in this study are available from the Lead Contact upon request 
and with completed materials transfer agreement. 
 
Experimental Model and Subject Details 
Cell Lines and Cell Culture Conditions 
Wild type mouse embryonic fibroblasts and isogenic MEF oma1-/- cell lines were a kind gift from C. Lopez-Otin 
(Univ. of Oviedo). We have also obtained another set of WT and opa1-/- MEF cells from ATCC (CRL-2991 and 
CRL-2995 respectively). Human embryonic kidney HEK293T cells (ATCC CRL-3216) were a gift from Dr. 
Sathish Natarajan (Univ. of Nebraska-Lincoln). MEF cells were cultured in DMEM medium with addition of 10% 
fetal calf serum (Atlanta Biologicals), 10 mM glucose, 2 mM pyruvate, 4 mM L-glutamine, 50 U/ml penicillin, with 
addition of 0.1% b-mercaptoethanol (all from Thermo Fisher Scientific). HEK293T cells were cultured in the 
same medium, albeit without the addition of b-mercaptoethanol. All cells were cultured in a humidified CO2 
incubator at 37oC, 95% air and 5% CO2 mixture. Cells were trypsinized for 5 min in 0.05% trypsin after a wash 
with Ca2+- and Mg2+-free PBS. Cells were counted using Countess Cell Counter and Countess Cell Counting 
Slides (Invitrogen). Cell lines were regularly analyzed for mycoplasma contamination. 
Transient transfections were performed using Lipofectamine 3000 reagent (Thermo Fisher Scientific) 
according to the manufacturer-supplied protocol using the high range of the recommended Lipofectamine 3000 
amounts (3 µl per well for 12-well plates, 7.5 µl per well for 6-well plates, and 44 µl per 10 cm2 dish). 
Experiments with transfected cell lines were conducted 24 h post-transfection. 
 
Key Reagents 




Generation of MitoT-expressing Cell Lines 
The GFP-tagged mitoT construct was generated by fusing the N-terminal portion of SCO1 (amino acid residues 
1-116), a 12 residues-long unstructured linker sequence derived from E. coli LacI, and the N-terminal region of 
TOM20 (amino acid residues 1-20) followed by a 6xHis tag. This chimera was generated by an overlap 





The resulting 468-bp product harboring BamHI and EcoRI restriction sites was cloned into the pcDNA3-eGFP 
vector (Addgene #13031). The resulting plasmid was validated by DNA sequencing, purified, and transfected 
into WT or oma1-/- MEF cells, and following 24 hours after transfection selected in 3 µg/ml puromycin for 1 week. 
The transfected cell population was subjected to discriminatory sorting based on GFP signal versus mock-
transfected cells on FACS Aria II (BD Biosciences), and the resulting GFP-positive cells were further selected 
for 1 week in a culture with 3 µg/ml puromycin, resulting in a cell line stably expressing mitoT-GFP. Confocal 
microscopy and western blot analyses confirmed that the expression of mitoT-GFP did not change after 1 month 
in culture. 
 
Flow Cytometry Analyses 
Flow cytometry was performed either on FACSCalibur II (BD Biosciences) or Cytek DxP10 (Cytek Biosciences) 
flow cytometers recording a minimum of 10,000 events per sample, with analysis of the resulting data using 
FlowJo 10 software (FlowJo Inc). 
Mitochondrial membrane potentials were determined using TMRM dye staining according to a 
previously described method (Rodriguez-Rocha et al., 2013). In brief, cells in confluent wells in a 12-well cell 
culture plate were subjected to either 2 µM CCCP or mock for 1 hour, trypsinized, washed twice with PBS, 
resuspended in 1 ml of PBS, and stained with 50 nM TMRM for 15 minutes on ice. Cells were then pelleted at 
	
400 xg, resuspended in fresh PBS, and measured on a Cytek DxP10 flow cytometer within 30 minutes. TMRM 
fluorescence was measured using 561 nm excitation, and 580/20 nm emission filters. 
Annexin V presentation and cell viability were assessed after an 8-hour exposure to 1 µM staurosporin 
or mock-treatment using 7-AAD APC-Annexin Kit (BioLegend) according to manufacturer’s recommendations. 
Cytochrome c release was assessed after an 8-hour exposure to 1 mM staurosporin or mock using a 
cytochrome c release kit (EMD Millipore) per manufacturer’s recommendations. Upon necessity to avoid 
spectral overlap with the GFP fluorescence, the FITC-labeled anti-cytochrome c antibody supplied in the kit was 
substituted with Alexa Fluor 647-labeled anti-cytochrome c antibody (BioLegend). 
 
Imaging Techniques 
For confocal microscopy imaging, cells were stained in 1 cm glass bottom dishes (MatTek Corp.) with 5 nM 
Hoechst 33342 (Thermo Fisher Scientific) and/or 5 µM Mitotracker DeepRed (Thermo Fisher Scientific) dyes in 
Phenol Red-free DMEM medium for 20 minutes in the dark, washed 2x with PBS, and supplemented with 2 ml 
of Phenol Red-free DMEM medium. The imaging was conducted using a Nikon A1R-Ti2 confocal system 
(Nikon, Japan). Multicolor images were generated using ImageJ software (NIH) by merging appropriate 
channels after assigning colors to each of them (green for GFP channel, blue for Hoechst 33342, and red for 
MitoTracker DeepRed). 
For TEM, cells exposed to 2 µM CCCP or mock for 1 h were trypsinized, washed 3x with PBS, fixed in 
100 mM sodium cacodylate buffer pH=7.4 with 2.5% glutaraldehyde, and processed as previously described 
(Graham and Orenstein, 2007). TEM was performed on a Hitachi H7500 TEM microscope. Pictures were taken 
at 10,000x and 25,000x magnification from three different grids per sample. Mitochondria on each photo were 
assessed for ultrastructure type, which was classified as abnormal/vesicular or normal. The number of 
mitochondria of each type was counted in each grid, and percent of total for each type was calculated in each 
sample. 
 
Biochemical Assays  
For cell lysis preparation 2 million cells per sample were lysed by tumbling at 4oC for 2 hours in NP-40 lysis 
buffer containing 1x protease inhibitors cocktail and 2 mM PMSF freshly added prior to the lysis. The lysates 
were supplemented with 6x Laemmli buffer containing 5% b-mercaptoethanol and after boiling for 5 min at 
100oC were loaded into a 10% polyacrylamide gel for subsequent immunoblot analysis. For IP, cells were grown 
to 90% confluence, and 24 hours after transfection were trypsinized, washed 3x with PBS, and lysed. Anti-Myc 
magnetic beads (Thermo Fisher Scientific, 88842), anti-GFP magnetic beads (MBL International, D153-9), and 
isotype IgG magnetic beads (MBL International, M076-11) were used with the lysates according to 
manufacturer’s recommendations. Sucrose gradient separation of mitochondrial proteins was performed as 
previously described (Khalimonchuk et al., 2010) and analyzed by western blotting with relevant antibodies. 
Mitochondria (200 µg) were lysed using 20 µM HEPES buffer pH 7.4 with 100 mM NaCl and 1% digitonin on ice 
for 15 minutes.	The lysate was centrifuged at 20000 x g for 10 min. at 4oC.  150 µl of the supernatant was added 
to 40 µl of anti-Mic60 agarose beads containing 1500 µl of 20 µM HEPES buffer pH 7.4 with 10 0mM NaCl and 
0.1% digitonin and was kept rotating at 4oC for 16h.	Proteins were eluted from the beads using 2x Laemilli buffer 
without any reducing agent.  
For blue native gel electrophoresis of mitochondria, Native PAGE Novex Bis-Tris Gel System and Native PAGE 
Novex 3-12% Bis-Tris Gels (Thermo Fisher Scientific) were used along with other reagents according to 
manufacturer’s recommendations for organelle protocols. When necessary, we also used high-resolution home-
made 3-15% Bis-Tris gels as described previously (Khalimonchuk et al., 2010). Mitochondria were extracted 
from MEF cells as described previously (Chen et al., 2012), solubilized in a sample buffer containing 0.5% 
digitonin and used as samples according to the manufacturer’s protocol. Proteins from the resulting gels were 




Proteins were detected using the primary antibodies indicated in the Key Resources Table. Relevant protein 
bands were visualized using secondary horseradish peroxidase-coupled secondary goat-anti-mouse (Jackson 
ImmunoResearch) and goat-anti-rabbit (Cell Signaling Technologies) secondary antibodies and 
chemiluminescent reagents (Thermo Fisher Scientific).  
 
BioID Analysis 
The pcDNA3.1-mycBioID plasmid was a kind gift from K. Roux (Addgene #35700). Human OMA1 and human 
SURF1 (matched negative control) were amplified using Phusion High Fidelity DNA Polymerase (Thermo Fisher 
	
Scientific) from HEK293T cDNA library and subcloned into the plasmid using NheI and EcoRI restriction sites to 
create BirA fusion proteins. The plasmids were expressed in HEK293T cells, and proximity interactions were 
analyzed according to a previously described protocol (Roux et al., 2013). Briefly, 48 hours after transfection, 20 
million transfected cells were lysed and tumbled overnight with Streptavidin magnetic beads (Thermo Fisher 
Scientific), after which the beads were washed 3x with lysis buffer, boiled, and subjected to SDS-PAGE. 
Abundant protein bands were extracted out of the gel and subjected to mass spectrometry detection on a 
QSTAR XL Hybrid LC/MS/MS (Applied Biosystems). Results were analyzed using Scaffold 4 (Proteome 
Software). 
 
Extracellular Flux Analysis 
The cells were seeded in parallel in two identical Seahorse cell culture plates (Agilent Technologies), one of 
which was used for the actual experiment, while the other was used for cell count for normalization purposes. 
Extracellular Flux experiments were performed on a Seahorse XFe24 Analyzer (Agilent Technologies) using XF 
Cell Mito Stress Test and XF Glycolysis Stress Test kits (Agilent Technologies) per manufacturer’s protocols. 
Data were analyzed using manufacturer’s calculation templates for Microsoft Excel 365. Summary bar graphs 
were plotted in Microsoft Excel 365 based on the data from the original analysis templates. 
 
Quantification and Statistical Analysis 
Unless stated otherwise, the data were analyzed in Microsoft Excel 365 using the Data Analysis package.  All 
data are shown as mean ± S.D., unless indicated differently. P values were calculated using paired two-tailed t-
tests when analyzing paired samples and unpaired two-tailed t-tests when analyzing unpaired samples. P 
values less than 0.05 were considered significant. Violin graphs were plotted in GraphPad Prism 4.  
 For image quantification, images on X-ray films were digitalized and analyzed using Image J software.  
 For BioID LC-MS/MS data analysis, the following stringency criteria for candidate protein acceptance 
were applied. First, common background proteins were discarded. Second, candidate proteins with less than 
three spectral counts were considered as low-confidence hits and not pursued further. Third, candidate hits 
were checked against the CRAPome contaminant repository database (https://www.crapome.org) and unrelated 
mitochondrial control (SURF1) BioID analysis data to further eliminate nonspecific binding partners.  
  
	
KEY RESOURCES TABLE 
REAGENT / RESOURCE SOURCE IDENTIFIER 
Antibodies 
OMA1 Santa Cruz Cat.# sc-515788 
OPA1 BD Biosciences Cat.# 612606 
OPA1 Novus Biologicals Cat.# NB110-5529 
MIC60 Protein Tech Cat.# 10179-1-AP 
MIC27 Aviva Systems Biology Cat.# OAAF03292 
MIC19 Protein Tech Cat.# 10179-1-AP 
MIC10 Aviva Systems Biology Cat.# ARP44801_P050 
MIC13 Proteintech Cat.# 25514-1-AP 
VDAC Abcam Cat.# ab14734 
HSPD1 Santa Cruz Cat.# sc-13966 
YME1L Protein Tech Cat.# 11510-1-AP 
GAPDH Protein Tech Cat.# 60004-1-Ig 
GAPDH GeneTex Cat.# GTX627408 
NDUFA9 Abcam Cat.# ab14713 
CORE1 Abcam Cat.# ab110252 
ATP5A Abcam Cat.# ab14748 
AFG3L2 Abcam Cat.# ab68023 
AFG3L2 Aviva Systems Biology Cat.# ARP4678055 
MTCO1 Abcam Cat.# ab14705 
GFP Invitrogen Cat.# a6455 
GFP Santa Cruz Cat.# sc-9996 
Myc Roche Cat.# 11667149001 
MFN1 Abcam Cat.# ab57602 
MFN2 Abcam Cat.# ab124773 
DRP1 Santa Cruz Cat.# sc-271583 
MIC60-agarose beads Santa Cruz Cat.# sc-390707 AC 
Sterptavidin-magnetic beads Thermo Fisher Scientific Cat.# 88816 
Myc-magnetic beads Thermo Fisher Scientific Cat.# 88842 
GFP-magnetic beads MBL International Cat.# D153-9 
IgG-magnetic beads MBL International Cat.# M076-11 
2o HRP-anti mouse Jackson ImmunoResearch Cat.# 115-035-068 
2o HRP-anti rabbit Cell Signaling Technologies Cat.# 7074S 
Cell Lines 
HEK293T ATCC Cat.# CRL-3216 
Wild-type MEF ATCC Cat.# CRL-2991 
opa1-/- MEF ATCC Cat.# CRL-2995 
Wild-type MEF Quiros et al., 2012 NA 
oma1-/- MEF Quiros et al., 2012 NA 
Wild-type MEF [mitoT] This study NA 
oma1-/- MEF [mitoT] This study NA 
Media, Chemicals and Reagents 
DMEM medium Hyclone Cat.# SH30243.01 
L-glutamine Gibco Cat.# 25030081 
Glutamax Gibco Cat.# 35050061 
Sodium Pyruvate Gibco Cat.# 11360070 
FBS, natural source Hyclone Cat.# SH30396.03 
Gentamicin Gibco Cat.# 15750060 
Penn/Strep mix Hyclone Cat.# 15070063 
Trypsin Hyclone Cat.# SH30236.02 
Lipofectamine 3000 Gibco Cat.# L3000015 
Opti-MEM I medium Gibco Cat.# 31985070 
FluoroBrite DMEM medium Gibco Cat.# A1896702 
	
Halt protease inhibitor Thermo Fisher Scientific Cat.# 87785 
Mitotracker DR-FM dye Invitrogen Cat.# M22426 
Hoechst 33342 dye Invitrogen Cat.# H3570 
Propidium Iodide Invitrogen Cat.# P3566 
Seahorse XF DMEM medium Agilent Cat.# 103575-100 
Digitonin Sigma Cat.# D141 
NP-40 Sigma Cat.# I3021 
NativePage 4-16% Bis-Tris precast gels Invitrogen Cat.# BN1002BOX 
Commercial Kits/Assays 
Super Signal West Dura Substrate Thermo Fisher Scientific Cat.# 34075 
XF Cell Mitostress Kit Agilent Cat.# 103015-100 
XFe24 FluxPack Agilent Cat.# 100867-100 
Software 
Image J NIH https://imagej.nih.go v/ij/  
KaleidaGraph v.4.02 Synergy Sofware NA 
GraphPad Prism 4 GraphPad Software NA 
Scaffold 4 Proteome Software NA 
FlowJo 10 FlowJo Inc. NA 
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